A Mathematical Model for Nephrin Localization in Podocyte Foot Processes  by Falkenberg, Cibele V. et al.
Tuesday, February 28, 2012 593athrough gap junctions has been shown to reduce such variability which may re-
turn as coupling is reduced. A phenomenological model capable of accurately
capturing action potential morphology and variability observed in experimental
data has been developed with tunable restitution properties. The phenomeno-
logical formulation also allows fast simulation compared with biophysically
detailed models. This model is now used to investigate the effects of action po-
tential variability over prolonged periods.
A two dimensional tissue slab is simulated using a monodomain model and the
simulation software Chaste. Simulations are performed with and without vari-
ability in the action potential model. Different coupling strengths are used with
a physiological conductivity corresponding to a conduction velocity of 71cm/s.
Simulations are performed at full conductivity, and with the conductivity scaled
by factors of 0.5, 0.1 and 0.05.
At a pacing cycle length of 1000ms with physiological coupling and differences
in action potential duration with and without variability are negligible. Under
reduced coupling, the difference increases to a maximum of 2ms. No correla-
tion is observed between beats.
At a cycle length of 230ms, temporal variability drives the cell model to alter-
nans. This effect is reduced in tissue at all conductivities. Tissue was paced for
40 beats at a cycle length of 230ms before a cycle length reduction of 4ms. The
process was repeated until propagation failed. At a cycle length of 222ms a spa-
tially discordant alternans of magnitude 2ms was observed.
In conclusion, stochastic effects are masked at physiological conductivity
values and effects do not accumulate over time. At significantly reduced con-
ductivity heterogeneities in repolarisation can be induced.
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We are exploring the viability of a novel approach to cardiocyte contractility
assessment based on biomechanical properties of the cardiac cells, energy con-
servation principles, and information content measures. We define our measure
of cell contraction as being the distance between the shapes of the contracting
cell, assessed by the minimum total energy of the domain deformation (warp-
ing) of one cell shape into another. To guarantee a meaningful vis-a`-vis corre-
spondence between the two shapes, we employ both a data fidelity term and
a regularization term. The data fidelity term is based on nonlinear features of
the shapes while the regularization term enforces the compatibility between
the shape deformations and that of a hyper-elastic material. We tested this ap-
proach by assessing the contractile responses in isolated adult rat cardiocytes
and contrasted these measurements against two different methods for contrac-
tility assessment in the literature. Results show good qualitative and quantita-
tive agreements with these methods as far as frequency, pacing, and overall
behavior of the contractions are concerned. We hypothesize that the proposed
methodology, once appropriately developed and customized, can provide
a framework for computational cardiac cell biomechanics that can be used to
integrate both theory and experiment. For example, besides giving a good as-
sessment of contractile response of the cardiocyte, since the excitation process
of the cell is a closed system, this methodology can be employed in an attempt
to infer statistically significant model parameters for the constitutive equations
of the cardiocytes.
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Multipotent progenitor cells have appealing characteristics such that they can
self divide or develop into virtually any given cell type depending on environ-
mental factors. Lineage-affiliated transcription factors govern the specification
of a given cell lineage. A concern is how lineage -determining transcription fac-
tors lead to the stability of progenitor cells, committing to a specific cell line.
Binary cell fate decisions can be governed mathematically by circuits that gen-
erate attractors corresponding to specified lineages. Bifurcations represent cell
divisions and stage differentiation from lineage specific attractors. The findings
of the constructed model represent that stages of stem cell differentiation
through auto-regulation, inhibition and degradation factors can be analyzed
mathematically by the stability of the stochastic and deterministic features
within the system.3018-Pos Board B788
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Cancer research has achieved dramatic advances in recent years with mod-
ern techniques and aroused extensive efforts to discover effective therapeu-
tic drugs. As complement to time and resource intensive traditional drug
development methods, application of computational models for drug phar-
macokinetics and pharmacodynamics research has become increasingly
popular because of its high efficiency and flexibility. Our work provides
a well-designed integrated mechanistic model for developing cancer drugs
by incorporating new techniques like PET, CT, and intravital microscopy.
This model studies drug distribution and therapeutic effects from a system-
atic viewpoint at three different yet highly related levels. Firstly, a macro-
scale model was established to study time course drug distributions in dif-
ferent organs especially in blood which circulates in whole body and de-
livers drug to targeted tumor. At the intratumoral level, a coupled 3D
tumor growth and angiogenesis model was proposed to elaborately simulate
neovasculature formation and calculate regional variations in drug distribu-
tion inside solid tumor. The third part focuses on how regional variations
in drug distribution affect tumor cell death/proliferation rate by linking
therapeutic response to intracellular signaling pathway blockade or alter-
ation, which provides us a high-resolution overview of drug action in the
targeted tumor cell. Hence, the first two modules which target the organ
level and intratumoral microenvironment are directly coupled to pharmaco-
kinetics analysis which is linked to the last component of the model that
analyzes the pharmacodynamic effects at the cellular level. Experimental
data for calibrating computational model, like drug distribution, tumor vas-
culature, drug penetration rate etc., were measured using PET, CT, and
high resolution intravital microscopy. We perform simulations to investi-
gate the delivery efficiency and drug efficacy of free drug and nanothera-
peutics. Our model successfully predicted optimal drug property and
therapy strategy. Finally, model effectiveness was validated by in vivo ex-
perimental data.
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Regulation of cell proliferation and cell division plays fundamental roles in tis-
sue formation, organ development, and cancer progression. However, mecha-
nisms of regulation of tissue elongation through cell proliferation and cell
division is still poorly understood. Here we use a recently developed two-
dimensional mechanical cellular model to study the mechanisms of regulation
of tissue elongation in Drosophila wing. Our model takes into account the
properties of cell geometry and cell mechanics and realisticly models the dy-
namic processes of cell growth, cell rearrangement, and cell division. We
study the effects of directional cues such as oriented division plane and ori-
ented mechanical force on tissue elongation. We also explore the role of re-
duced cell size during tissue elongation. Our results suggest that tissue
elongation in Drosophila wing is influenced by oriented division plane, ori-
ented mechanical force, and reduced cell size. We show that oriented division
plane and oriented mechanical forces act as directional cues during tissue elon-
gation. Between these two directional cues, we find that oriented mechanical
force has stronger influence compared to oriented division plane. In addition,
our results reveal a novel mechanism of reduced cell size in promoting tissue
elongation. We find that reduced cell size alone cannot drive tissue elongation,
as it does not have directional information. However, when combined with di-
rectional cues such as oriented division plane and oriented mechanical force,
reduced cell size can significantly enhance tissue elongation in Drosophila
wing.
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594a Tuesday, February 28, 2012The first stage of blood filtration occurs in the glomerulus, where water and
other small sized molecules are freely filtered into the urinary space while al-
bumin and larger proteins are retained in the blood capillaries. Maintenance
of the size-selective glomerular filtration barrier is regulated by highly differ-
entiated cells, podocytes, their cell-cell interactions in the slit diaphragm (SD)
and the cell-GBM (glomerular basement membrane) interaction of the podo-
cyte foot processes. The central component of the SD is the transmembrane
protein nephrin. Proper spatial localization of nephrin to the SD is an essen-
tial step in embryonic development and injury recovery. Mutations that affect
nephrin interaction kinetics disrupt the cell and filter morphologies and result
in phenotypes that range from mild to lethal. A major deficiency in address-
ing podocyte disease is the lack of a quantitative model of signaling with cor-
rect morphology and protein distribution. We developed a mathematical
model in order to assess the contributions of nephrin trans-dimerization, tar-
geting to lipid rafts and interaction with intracellular proteins (such as tight
and adherent junction proteins and podocin) and actin dynamics within the
foot processes at the SD. We use rule-based modeling to account for multiple
complexes and phosphoforms and investigate protein localization and signal-
ing on the level of domain-domain interactions. Using the Virtual Cell soft-
ware,the model is associated with the spatial organization of the foot
processes, incorporating geometry effects. (supported by NIH grants
TRO1DK087650 and P41RR013186)
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In a recent study we developed a method to model protein diffusion in cells [1],
where special attention was given to generating from image data of the mea-
sured cell a realistic digital model cell in which protein dynamics were simu-
lated. The method was shown to be well suited for modeling non-equilibrium
situations that arise, e.g., in photobleaching experiments, and to be capable
of producing more detailed information about protein motion than traditional
modeling.
Another experimental way to assess protein dynamics is to study fluctuations in
the local protein number, as it is done, e.g., in fluorescence correlation spectros-
copy (FCS), or in similar measurements that apply single-plane illumination
spectroscopy (SPIM).
Here we introduce a new, efficient method for modeling FCS-type measure-
ments, based on the digital model cell mentioned above, that can reproduce
the local particle number fluctuations at the level of imaging resolution. This
method allows local variations in, e.g., the diffusion coefficients, average par-
ticle numbers, and binding/dissociation coefficients. In combination with FCS-
type experiments, and with SPIM in particular, this method can be used to map
the parameters important to protein dynamics in an entire cell. Furthermore, in
contrast with traditional analytical models currently applied, it can also be used
to model non-equilibrium situations.
[1] Ku¨hn T, Ihalainen T O, Hyva¨luoma J, Dross N, Willman S F, Langowski J,
Vihinen-Ranta M and Timonen J. 2011 Protein Diffusion in Mammalian Cell
Cytoplasm. PLoS ONE 6(8): e22962
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Actin dynamics is one of the essential mechanisms for cell movements. Recent
studies revealed various proteins required to control actin dynamics in cells, i.e.
G-actin for actin assembly and disassembly, Arp2/3 for branching of actin fil-
ament, ADF/cofilin for severing of actin filament, capping protein for terminat-
ing actin filament elongation and so on. Based on those proteins’ regulatory
control, dendritic actin networks would be formed close to the edge of the
cell, which leads to the cell protrution, that is the first step of the cell move-
ments. However, because of the difficulty in measuring the actin network dy-
namics in living cell, it is still unclear how the actin network is remodeled
dynamically inside the cell. Therefore, in this study, we developed a computa-
tional stochastic model based on chemical reaction equations for the dendritic
nucleation model of the actin dynamics using Gillespie’s algorithm. In the anal-
ysis, local concentration of proteins, rate constant of chemical reaction equa-tions and mechanical relationship between the actin network inside the cell
and cell membrane were taken into consideration, and the mechanism of the
cell protrution was analyzed.
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Statistical techniques for the analysis of cellular alignment data are currently
limited due to heuristic and qualitative approaches. For example, generally
a cut-off degree limit, commonly 20 degrees, is arbitrarily defined within
which cells are considered ‘aligned.’ The efficacy of patterned biomaterials
in guiding the alignment of cells, such as neurons, is often critical in correlat-
ing materials design with biological outcomes. We developed a statistical al-
gorithm for processing cellular alignment data, which implicitly determines
an ‘angle of alignment.’ This was accomplished in the following manner: 1)
Neuronally-differentiated PC-12 cells were seeded on flat and micropatterned
silk fibroin films. Cells ‘aligning’ with an underlying, anisotropic scaffold dis-
play uniformly distributed angles up to a cut-off point, determined by how ef-
fective the biomaterial is in aligning cells. 2) We then determined where the
data sets diverged from the uniform distribution by measuring the spacing be-
tween the collected, increasingly ordered angles, modeling this spacing as
a time series. 3) This time series was then analyzed for uniformity using a nor-
malized cumulative periodogram (NCP)-criterion. Following this protocol, we
were able to define cellular alignments for the patterned silk films, of dimen-
sions 300 patterns/mm, with 8 and 17 pitch angles. Their corresponding
alignment indices, as determined through the NCP-criterion were 19 and
8, respectively, which suggests that steeper pitch angles yield superior align-
ment. This proposed algorithm offers a novel way to implicitly define cellular
alignment, with respect to various patterned biomaterial formats. This method
may also offer an alternative, quantitative way to assess cellular alignment,
which could offer improved predictive measures related to biological out-
comes. Furthermore, the current algorithm is used for evaluating biomaterials
in 2D; however, the NCP-criterion may be modified to accommodate 3D data,
which will be important for understanding and quantifying regenerative out-
comes in vivo.
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Sexual transmission of HIV derives from contact of virions with host cells, e.g.
in the epithelium and lamina propria of the vagina. Current antiviral drugs (e.g.
the reverse transcriptase inhibitor Tenofovir) show promise for topical mucosal
prophylactic action against transmission (termed ‘‘microbicides’’). They can
be introduced by multiple delivery systems, e.g. gels and intravaginal rings.
Their success (pharmacodynamics) depends upon adequate distribution in
time and space (pharmacokinetics) vs. distribution of invading virions. We
have created a family of mechanistic transport models of microbicide mole-
cules, as they distribute from different vehicles into and through vaginal fluids
and mucosal tissues, and interact with host cells and virions. We report here
two new models that characterize transport of antiviral molecules from a vag-
inal gel or ring into and through the vaginal epithelium and lamina propria,
with uptake within the latter into blood capillaries. The models contain systems
of coupled convection-diffusion equations - one for each compartment. These
are solved numerically (MatLab and Comsol for gels and rings, respectively).
We have applied these models to transport of Tenofovir, and compared results
with in vivo measurements of drug levels (vaginal fluid, tissue, bloodstream) in
two human studies of a 1% Tenofovir gel (CONRAD; MTN-001). The models
show good agreement in predicting the drop in Tenofovir concentrations (vag-
inal fluids; biopsy) during 24h after a single application of 4 mL of gel (CON-
RAD), and also the quasi-steady state values in vaginal tissue biopsies,
obtained during continuous once-per-day application of 4 mL of gel (MTN-
001). We illustrate use of the models to understand tradeoffs amongst the pack-
aging of drug in delivery vehicles with different properties and volumes/geom-
etries, in relation to the frequency of application needed to create and sustain
prophylactic drug levels in target mucosal compartments (NIH U19
AI077289).
